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Introduction

e Main contributes in the TH-SYS code area
o Code Assessment (internally / within International programs)
v/ On-Going benchmarks : Oskarshamn-2, PKL-IIl H2.2 run2, ATLAS A5.1, EBR-II
o Accuracy quantification
v Code Assessment (FFTBM)
v' Database for deriving the Uncertainty Database (CIAU uncertainty method)
o Characterization of transient scenarios in NPP

v" Design evaluation

v Licensing of NPP (BEPU)
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Introduction

e List of Experimental Facilities and Test Analyzed (not Exhaustive List)
# | FACILITY TESTID TYPE OF TEST FRAMEWORK MAIN FINDINGS REF. YEAR g:iHMI uD
g ) IDECD-ATLAS Project,  [Satisfactory results obtzined by fictitious 3D
E> 1 |aTLAS DVI-05 DV line break o= patisfactory a2 | 2012 | x| x
2 [BETHSY [o.16 SBLOCA [DECD, T5P27 [Proven code capabilities under BDBA conditions [ 13], [14] 1992 | X | X
lUse of RELAPS-3D as subchannel code with [15], [16],
3 |BFBT / PSBT  [Several tests Void distribution and oritical power IDECD Benchmark MULTIDIM component. Fine resolution not possible, [”]’ 2007 X
lpenerzl agreement obtzined
4 [ PooL 9052 Yoca & pump Trip OECD, 15P15 proven code applicability to BWR design [18] 198384 | x | x
14 tests ILBLOCA, IBLOCA . Proven code applicability to Large LOCA scenarios  [19] 197982 | X | X
5 |LOBIMod T 3758 LELOCA B1 Project 0L, 21] | 1981 [ X[ X[X
42 tests NC, SELOCA, SLB, SGTR, LOPW, ATWS, PWL brezk LOBI Project Izeneral code capabilities in predicting large variety  [19] 196491 | X | X
A2-81 [SBLOCA IOECD ISP13 lof scenarios proven. [22], [23] 1984 X[ XX
BL-34 BELOCA Limited capabiliies for specific situations (hardware |[24] | XX
BL-24 ISBLOCA. high power iriven) highlighted (e.0. SG behavior in LOPW) [25] X | X | X
& |LOBI Mod 11
A1-93 [GBLOCA BI Project [26] 1990 X | X | X
BL-06 SBLOCA L [27] X | x| X
BT-02 LOPN [28] X | X | X
BT15-16 LOPN [29], [30] X | x| X
B Tests IGBLOCA, LOPW, ATWS Intemal ackvities Proven code applicability to Large LOCA scenarios  [31] 1990-2000f X
IDECD, 15P13 ncluding nuclear feedback [32], [33],
7 |LOFT L2-5 ILBLOCA ECD BEMUSE [34] 1983 X | x| X
L2-3 ILBLOCA ICIAU DB Expansion [35] 2000 X | x| X
= . - lUse of RELAPS as subchannel code by a fiditious
8 |Neptune M= 5002 lLoww-Pressure Boil Off [ntemal ackvity hodalization. Good agreement achieved [35] 2002 X
Proven capabilities of RELAP to simulate
9 |PANDA Phases A, B, C  [Containment Pressurization [Sp42 lcontainment behavior (large volumes at low [37] 2000 | X | X
pressure) by suitable nodalization technigue
PO-SB-7 [GBLOCA [OECD ISP21 Proven code applicability to BWR design including 38] 1989 X
10 |PIPER-OMNE PO-ST-1 IStability . stability issue [39] 1994 X
PO-IC2 Trvestioation on solston condenser PER-ONE Project [20] 1095 [ X [ X
Boron dilution accidents and . Proven code capabilities to simulate long lzsting
11 |PRL-T lLoss of RHR. in mid-loop operation PECD-PKL-I Project |+ coime issues identified for the simulation of [41] 2004-07 | X | X
12 |PKL-IT E2.2, F1.1, G3.1 [NC during SBELOCA |OECD-PKL-TI Project  |boron transportation and for the impact of non- [42] 2008-11 ] X | X
E3.1 Boron dilution during shutdown condition lrondensable [43] 2011 X | X
F4.1 Boron dilution during reflux condensation [44] 2012 ¥ | X
13 |PKL-III H2.1, H2.2 ISBO and Non-condensable IDCED-PKL-IIT Project 2014 X | X
G3.1 MSLE [45] 2012 X | X
IG7.1 [SBLOCA in Hot Leg X | X
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Introduction

List of Experimental Facilities and Test Analyzed (not Exhaustive List)

# | FACILITY TESTID TYPE OF TEST FRAMEWORK MAIN FINDINGS REF. YEAR g:]m
. |OECD-PSB-VWER. Proven code capabilities to simulate long lasting
o tests LBLOCA, UPI line break, SBLOCA, PRISE Project tests including complex thermal-hydraulic scenarios [46] 200308 | X | X | X
16 tests ISBLOCA, LOPW, SBO, PRISE, PORV stuck open with accident management actions. 200806 [ X[ x| X
CT41 SBLOCA IProven code applicability to VWER design x| x| %
1#04, T#08,  lop) oca x| x| x
T#11 T#i2 [47], [48],
14PSBWER  [rp NG ol ;501 | 2 [X[x[x
TACIS project '
11up IBLOCA X x| X
PSH1 ISGTR XX | X
Test#14 PRISE 2006 X
Test#3 PORV stuck [51], [62] 2005 X
Test#S Main Steam Line Break plus SGTR [53], [54] X
IGood agreement bebween experiment and
15|PWR-PACTEL  [SBL-50 IGBLOCA Intemational exercise  simulation obtained, degradation of heat exchange  ([55] 2002 X | X
[due to non-condensable presence not well predicted
Proven code applicability to CANDU design. Issue
16 |RD-14m B9401 ILBLOCA LAEA elated with horizontal stratification identified [56] 2000 X x| X
17 |ROSA-IIL Fun 912 [2% SBLOCA IOECD, ISP12 Proven code capahilities to simulate accidents in [57] 1982 X | X
ISB-CL-18 5% CL SB LOCA |OECD, ISP26 arge scale facility. Very good accuracy of the [58] 1990 X | X[ X
18 |ROSA-IV-LSTF [SB-CL-21 SBLOCA [CIAU DB Expansion__|predicted results [59] 1005 |XIX[X
LSLW Delayed activation of APW ICIAU DB Expansion [60] X | X | X
. [Evaluation of natural circulztion in 1- and 2-phase
19|SEMISCALE 2 tests ILOCA Intemal activity Flow and core thermak-hydraulics [61] 1993 L
ISP-SW-02 LOPW |OECD, ISP22 Proven code capabilities in simulating PWR design.  [62] 1991 X | X | X
20/sPES ISP-SB-03 ISBLOCA ICode scaling independqte demonstrated through  [63] 1997 X[ x [ X
5P-5B-04 SBLOCA full power FPES project ounterpart test simulation Eg%' 65 | 1008 | x|x
Proven code applicability at full scale. Reasonable
21|UPTF Test 05/06/07  Blowdown and refill phases 2D-30 Program esults obtained both by 3D fictitious nodalization  |[67], [68] 2000 X | X | X
and by specific "MULTID" component
IGood agreement against exparimental evidences,
22 \WER-PACTEL NC IOECD, ISF33 Iproven code applicability to VWER design, [69] 1994 X | X | X
idevelopment of NC flow map
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e List of Code Applications for NPP (not Exhaustive List)

=
=

=

Introduction

OBJECTIVE
#| NPPTYPE MPP NAME TRANSIENT/ACCIDENT FRAMEWORK YEAR
BM|SS| IR | LV
La-Salle 2 Stability analysis OECD 1995 X
Leibstadt BWR-6|LOFW Consultancy 1990 X
1 [BWR Oskarshamn-2  |Stability originated by LOFW pre-heater [OECD 2012-on going] X
Peach Bottom-2 |Turbine Trip, Low flow Stability OECD 2001-2003 X
Ringhals-1 Stability analysis QECD 1994-1996 | X
2 |PHWR-Konvoi |Atucha-TT g;gcai"a"m including AOC, DBA, Consultancy 2007-2013 X
PHWR- - i
3 CANDU Darlington Loss of How Accident Consultancy 2009-2010 X
Angra-2 NC, LELOCA Consultancy 2001-2004 ¥ | x
AP-600 SGTR TAEA 1998 X
4 [PWR Kirsko DEA Consultancy 1991 X
TMI-1 Main Steam Line Break QECD 1999-2000 | X
NC, GDH blockage, SPTR, MPTR, .
5 |[REMK-1000 |3 lincluding ALS Epﬂns& TACIS project | 2005-2006 X
Ignalina DBA Consultancy 2001 X
Metsamor LOCA Consultancy 2000 X
6 (VWER-440 Kozloduy-3 LBLOCA Consultancy 2002 X
Mochovce LOCA Consultancy 2003 X
Balakovo-3 12 BDBA scenarios focused on AM TACIS project 2005-2007 X
kKalinin-3 MCP switch off OECD project 2009-2013 X
7 lvwEr-1000  [KOZioduy-6 MCP restart OECD project 2002 X
Temelin PTS Consultancy 2004 X
MSLE Consultancy 2002-2003 XX
Zaporozhye PORV stuck open Consultancy 1986 X
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Oskarshamn-2 benchmark

® Oskarshamn-2 OECD Benchmark: February 25, 1999 stability event

o Loss of FW pre-heating & Control System failure: High FW flow, low temp, no SCRAM
o Power and flow control system interaction: low flow, high power

e Nodalization Scheme (Draft)
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Oskarshamn-2 benchmark

® Oskarshamn-2: Core

N

.

Downcomer
Core bypass
Core channels

AN

w\w
DA
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Oskarshamn-2 benchmark

e Considerable use of code resources

o =800 1D components
v = 13500 volumes
v = 14500 junctions

Possible use of 3D components

Detailed thermal model

v" = 11100 active heat structures
(about 20000 nodes)

o Detailed 3D NK model

(limitation embedded in NESTLE exists) = T | 1109 - EW
v' Careful description of TH feedback % : : %
X 2 1 1 X 2
| | =N
= Iy el | =
e Opportunity to investigate the coupling 109 I ‘Wr"'ﬁl |
L]

via PVMEXEC (NPP calculation)
o TH-TH (semi-implicit scheme)
o TH-3DNK

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015 /-\ 9/27



ATLAS benchmark

e Within the OECD-ATLAS project - Under OECD/NEA working group

e UNIPI-NINE asked for coordination (together with the OA [KAERI]) of a
benchmark

e UNIPI-NINE nodalization qualification methodology adopted
e UNIPI-NINE interact with the OA during the design of the test

e Selected test
o ATLAS A5.1 (Counterpart with LSTF SB-CL-32) - 1% SBLOCA

o Operator action — SS depressurization

Action\Event
Selection of the test JO (Oct. 2014)
Decision of specification JO+6m (April 2015)
Test conduction JO+8m (June 2015)
Pre-test data collection JO0+15m(Jan. 2016)
Pre-test data comparison & release of data JO+17m (March 2016)
Post-test data collection JO+19m (May 2016)
Post-test data comparison JO+21m (July 2016)
Draft benchmark report JO+23m (Sept., 2016)
Review by benchmark participants JO0+24m (Oct., 2016)
Final benchmark report JO+25m (Nov, 2018)

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015 [-\ 10/27




ATLAS benchmark

e UNIPI-NINE involved in previous ATLAS OECD based project: ISP-50
o Participated to both blind and open phases
o Adoption of FFT-BM

e RELAP5/MOD3.3 nodalization features:
o Fictitious 3D approach
o Slice approach
o Both loops represented
o

Heat losses simulation

e RELAP5-3D nodalization adopted to simulate A5.1 is actually under
development (based on the one adopted for the ISP-50)

o Main improvement interests the secondary side

o Use of MULTID component

v ATLAS DC instrumentation is capable to capture 3D phenomena

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015 /-\ 11/27



Break device: E C

Part of DVI line

TRPVLV

TMDPVOL | [ -] -

constant pressure
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ATLAS benchmark

4 downward pipes covering 90°
linked by MULTIPLE JUNCTION
(not represented)

BRANCH in correspondence of
connections with CL and DVI
line
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ATLAS benchmark

e Core

o 4 upward pipes (14 subvolumes)
covering 90° linked by MULTIPLE
JUNCTION (not shown)

e LP & UP follow the same approach
e UH unique BRANCH

g sl s ke s 0B
121 148 151 Le )
C=1
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ATLAS benchmark

il
[

Both loops nodalized

e SG UT represented by 3 equivalent
pipes

e PRZ level and pressure control used

for initialization purpose only

| I

i
IVI .
A T T T LT}

e s s

T

? e SS nodalization includes
! SG Downcomer

SG Riser

Economizer

@)

@)

Two FW connections

@)
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ATLAS benchmark

N DC-HL bypass

2 DC-UH bypass

r=§=.‘

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015

e SIT and ECCS line fully nodalized
o Accumulator
o TIME DEPENDENT JUNCTION

DC-HL bypass (two paths)

DC-UH bypass (two paths)

Core Guide Tube bypass (five paths)
Core-UP bypass (four paths)
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ATLAS benchmark

e |SP-50 Selected results: comparison between Blind and open Phases

o ISP-50 used to qualify the (improved) nodalization at “on-Transient” level
16 T T T ‘ : VI : T T T J 777777777 Ji 7777777777
v 1.20E407 J ————————— Jl—— —— —-
12 WY Atasroa et $341100000 | | l
. _tooEw7 _‘: _________ _i __________
. gm S |
2 8 \\ } Jl
& . 6.00E+06 4‘ ————————— b
) | |
p \: 4.00E406 —‘} ————————— _i ——————————
s MMWW = — o | %Wﬁﬁﬁﬁg 7777777777
-500. 0 500. lOOO.TIme © 1500. 2000. 2500. 3000. Time (s)
Primary side pressure (Blind and Open calculation)
9.00 , . . . : T | 800 } | | |
8.00 vl L] b L ]
7.00 i i -
6.00 3.'(5*)(( ﬁifﬁa" pData-Fpal 3?323“5"0003000 T I R I S I H—
g 1 I 1 I
:3 5.00 gs"“’ ****** 5 |
£ 1111 I S R I L]
g 4.00 % Y }L | | :L
g A LIPS b b S b |
- I
1.00 Sl I N T _________ —|T __________ "_ _________ T __________
0 . M-—w b el it ol ”"i*”"”"”i 7777777777 L”*"”"i* 7777777777
-1.00 1 1 1 1 1 i 1 1 1 : :
500, 0 500. 1000, 1500, 2000. 2500, 3000. oeo
Time (s) 0 500 1000 S 1500 2000 2500
Break mass flow rate (Blind and Open calculation)
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PKL Il H2.2 run2 benchmark

e UNIPI involved in several OECD/NEA PKL project benchmarks

©)

©)

Benchmark coordinator
Participated to both blind and open phases (TRACE, RELAP5, CATHARE)

e Test H2.2 - Station-Blackout

O

Station-Blackout AM based on CET measurement
v Secondary-side Depressurization (SDE)

v Primary side Depressurization (PDE)
v Mobile Pump (SS) & Emergency RHRS pump (PS)

e RELAP5-3D nodalization features (under improvement)

©)

©)

©)

©)

©)

Fictitious 3D approach (UP)

Slice approach

Four loops represented

Heat losses simulation

Detailed modelling of PRZ and SGs (7 UT bundles)

e H2.1and H2.2 run 1 (and the conditioning phases)will be investigated by UNIPI-

NINE to qualify the nodalization

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015




PKL Il H2.2 run2 benchmark

e H2.2 run2 benchmark involves more than 15 participants
e Time schedule

Action\Event Date
Deadline for blind calculation and collecting data from participants by October 31, 2015
Deliver of the Blind Benchmark report by December 31, 2015

Decision about a possible open phase

(distribution of the benchmark specification for the open phase) by January 15, 2016

Deadline for open calculation and collecting data from participants (if needed) by March 25, 2016

Blind (and if needed the Open) Benchmark Meeting ( in Pisa)

v" UNIPI will present the Blind Benchmark report April 2016
v" Presentation of open calculation from participants (if needed)

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015
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PKL Il H2.2 run2 benchmark

e Adoption of UNIPI-NINE nodalization qualification methodology

e Special focus put on
o CET and PCT behavior
o PRZ behavior (PRZ RV&SV)
o Accumulator behavior
o Loop seal behaviour

o SG behavior (N2 presence)
v" PRZ RV&SV closure after PDE in H2.2 run2

e UNIPI suggested improvements of the test specification
o Radial core power distribution

o Additional measurements to investigate the ACC behavior

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015 /-\ 19/27



EBR-Il benchmark

° SHRT-17 (1984)

IHX Inlet
o  Protected Loss of Flow Test (PLOFT)

High-Pressure Reactor Cover Valve

Inlet Piping

.Goancoooaoonanstooa,a

} g

o  Simultaneous trip of sodium pumps and control rod
scram (@ full power)

TV
LTI LT

o  Demonstrated effectiveness of natural circulation cooling
characteristics to remove residual heat and keep core
cooled during accident

0080000080006033060)

v' Temperature rose to high, but acceptable levels

v' Thermal expansion and thermal inertia of sodium
effective in protecting reactor from potentially
adverse consequence from PLOF

Subassembly
. . . Adapters
o  Coupling of thermal hydraulic phenomena in core and

primary loop created challenging benchmark problem -

e Heterogeneity in the reactor core

Ne Parameter Value
o 10 types Of assem b| ies mOdel |ed ;| Total number of volumes (i.e. points where balance 1604
equations are solved)
. 2 Total nu'mber of mesh points (i.e. points where heat 991
e Sodium Tank (open pool type reactor conduction eq. are solved) ___________
i ) 3 (\.::?r:o;f{ thevop;lor}';es per modelling the primary side 1348
with immersed components) [ Number of volumes for modeling he ntermediate ”
side
ur: e ” 5 | Number of volumes for modelling the pool 432
© F : Ct |t|0 Hs 3 D d p p roac h 6 | Number of hydraulic components for the whole core 98
o Use Of MULTI D (turbulent Shear StreSS) 7 | Number of axial volumes per driver/subassemblies 36
8 | Number of heat structures for the whole core 3332
o UNIPI—NINE qua||f|cat|on methOdOIOgy 9 | Number of mesh points for the whole core > 20000

adopted in the benchmark

International RELAP5 User Seminar — Idaho Falls, ID — August 10-14, 2015
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EBR-Il benchmark

XX09 Coolant Outlet, and Thimble Annulus Thermocouples

Outlet and IHX Temperatures

780
780 ‘ ‘ ‘
760 //\ - - = Z-Pipe Inlet - 760 [\ Coolant Outlet (OTC-01)-15  |———
= = = IHX Primary Inlet
740 H [ 740 — — — Thimble Annulus (ATC-A1) -15]
l = = = IHX Intermediate Outlet

HIVEAN ) M DERN

=
< x
=3 AN £ 700
]
W == A —
& 680 g
@ S 680
2 i) ——— :
& 660 1/ 2
660
640
640
620
600 620
580 600
0 100 200 300 400 500 600 700 800 900 1,000 0 100 200 300 400 500 600 700 800 900
Time (seconds) Time (seconds)

e Several sensitivities carried out to 0 Phase-2

; 1
address selected issues. E.g.: ;
Hn e —Phase-2A
o Power supplied also above and below the sl la | o
active part of the core (Gamma heating) H F o et
o Axial power distribution (as in SHRT-45) ul s B B s
[ || Eﬂﬂﬂ
1 O i »
Upper Flowmeter TC Mid Core (MTC-20) u % 040
633 950 ‘ =
i o |\ e u
:: ~ - - sens2 r —Sens2 E 000
gszs‘ “‘; - Sens4 gssa ] \ —ensa || A 1] @ [7] 1 2 3/4 LHR (kW/m)
gi“’ / ~ e ; I \ - 104 105
£ 626 |- 870 I | 1 103 102
- 100

400 500 100, 500
Time (s) Time (s)
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ISP-42: PANDA facility

o

o Phase A: Passive Containment Cooling System (PCC) Start-Up

o  Phase B: Gravity-Driven Cooling System (GDCS) Discharge

o Phase C: Long-Term Passive Decay Heat Removal

o Phase D: Overload at Pure-Steam Conditions MAIN NODALIZATION FEATURES
o Phase E: Release of Hidden Air Number of Vokmes = 101
o Phase F: Release of Light Gas in RPV Number of Heat Stuctures = 973

350

30

_>4_Airventing into Wetwell —sfe— PCC start-up — 3
| I | T 27
—RPV (53-RELAPS)
300 11 - - RPV (A9RELAPS) | 24
=RV (EXP) fﬁ"""’" 10
= —=—DW -WW (S3-RELAPS), 1 E|
= 250 4 DW.-WW (A9.RELAPS) = 1 18
= X DW - WW _(EXP) /-' E
o o 115
[=4 ol 3
Z 0 e 7l v e
E || / X{m*ﬁ b .
%Qﬁ el EQ%~ i I
150 16
13
100 Fo
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time (s)

a) Pressure trends (phase A)
140

I
o
=]

T T T T T T T
e Afr venting into Wetwell «— PCC start-up —
w12 = 2]
§ 10 I m.‘h% ﬂ:ﬁ ‘ 1 400
» 100 %, i -"’ﬁ o Pressure (S3-RELAPS) [
= “S‘/ﬁ —— Pressurz (A9.RELAPS) 380
§ 50 - Pressure (EXP) &
2 ' - @ - Temperature (S3-RELAPT
= };/ i | 5 Temperature (A9-RELAPS)T 360
2 60 7 4| 5~ Temperature (EXF) b
5 S
g Vi % 1340
40 :
P 320
Z 2
2 T H el
0 R T T
0 500 1000 1200 2000 2500 3000 3500 4000 4500 5000 3500
Time (s)

d) Air Concentration in DWI1 (phase A)

Pressure Diflerence (kPa)

DW Gas Temperature (K)

Application to Containment: ISP-42 in PANDA Facility - (Passive Systems)

Relap5

DW2 Central

ELTTT

ST

R

MV1 §

SP1 Central  SP1 External

Trinctin Enn

SP2 External SP2 Central

Parameter

RPV pressure

0.053

DW1 pressure

0.054

WW1 pressure

0.063

DW1 partial pressure

0.051

DW?2 partial pressure

0.428

SL1 mass flow rate

0.413

SL2 flow rate

PCC1 mass flow rate

PCC2 mass flow rate

PCC3 mass flow rate

Global Average Accuracy
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NPP analyses: VVER-1000

e Several scenarios investigated VVER-1000 (e.g. LB-LOCA, MCP trip, MSLB, LOFW)
e Investigation and optimization of AM

Deaerators and FW line

procedure to cope with SBO TG | [
ST =110000
o Depressurization of SS (SDE) and PS (PDE) liAp tmm Emm 5 5
o Development of a methodology for AM VO ot Snutn
procedure optimization T A VVERLO0
iy CORE
lSM/MWMWMWMMVW o 17200 8
165 —
i =1 Ref0 p-141010000 primary side pressure : 5 ] o
E' <o Ref0 p-645010000 secondary side pressure il
2,
g s
= sﬁgc»-ﬂ—o—e—-e —— ¢ o—0p & ©
1 . =—a Reft p-141010000 primary side pressure
14 o Ref1 p-645010000 secondary side pressure
30 3000 600D 9000 -
Time (s) glo 50E |
%s
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NPP analyses: CANDU

e LOFW scenario (Nov. 1993) in Darlington Nuclear Generating Station (CANDU)

— o oATH
3t T X )

Heat Transport System

Total number of hydrodynamic components

250

Number of volumes

1674

Number of junctions

1721

Number of heat structures

2470

Number of mesh points

31467

Secondary Side System

Total number of hydrodynamic components

250

Number of volumes

1475

Number of junctions

1503

Number of heat structures

372

Number of mesh points

4986

Pressurizer Pressure (Mpa(g))

2

2 8

NE 5G pressure (MPa(g))
g
NE SG level (m)

£t s |t

10
Time (s)

Accurate modeling of
Channel end-fitting
Process control system
Emergency control system
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TH-SYS\CFD coupling

e Relap5-3D\CFX coupling: file dumping approach - - COUPLING INTERFACE ____

o Development of PERL and FORTRAN routines CFX boundarg
to allows and coordinate the data exchange '

o Development of a GUI

I File Edt Show Data Tools ?
{ General information }| Cc Ic:

Working drectory  Please specfy working drectory &
Caserame  casel

RELAP solver  RELAP53Dv242 +~ [ Restart

RELAPiputfle  Please spechy RELAP putfie (2]

RELAPrestatfie  Please specky RELAP esartfie 2]

CRXvewon  v140

CFXdefintionfile  Please specily CFX defintion fle ] (Exem
CFXresutsfie  Please specfy CFX resuls fle E3]

[_Create CCLfrom def | [ Update deffrom CCL |

e Two different coupling
schemes investigated
o Explicit
o Semi-implicit

/o s mmn S
o . :
é e p&?[D h
; 1
!
meneenenn- COUPLINGINTERFACE ___ CFX 1| RELAP
N — LU O \ | SYSTEM
i i RELAP resuhs !
M= R :
..I._._..._._.-._ CF-xbo::di“ i
i ‘ RELAP RESTART :
HETT ..-..,...m.ts.taz.-, _____________________
New Coupled | .
Step o
v
<d:f\ NO
Rury
A SEMI-IMPLICIT
fndcowied | Eyp) ICIT COUPLING SCHEME COUPLING SCHEME
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TH-SYS\CFD coupling

e Natural circulation (LBE loop)

e NACIE Facility — Test ID: 303 ™
= Power: 21,5 kW (5 min ramp)

O
e o Average fluid temp: 300-350°C
o — | mems o Gas ift circ. & NC (@ 21000s)
1238 o Active heat sink
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Conclusions

e Summary of the experience gained on RELAP5 code at UNIPI-NINE

e Simulation of several ITF and SETF, different NPP design and scenarios
o ITF simulating PWR and VVER

SETF: e.g. sub-channels analyses and containment behavior

Different NPP design: HWR, PHWR, BWR, VVER, RMBK

Different framework: Benchmarks, Safety Support Analysis, Licensing

LOCA and Non-LOCA scenarios

o O O O

e (Qualitative and quantitative accuracy evaluation

e Consolidation of procedure for nodalization development and qualification
o Qualified results for Safety Analyses in Licensing (BEPU)

Strong bases on code use are the starting point for new challenges
( BEPU, coupling, ...)
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